The aim of this study was to examine the effect of thyroxine on ovulation in immature rdw rats and the fertilization and development of the eggs. Serum thyroxine concentrations at 30 days of age were significantly lower in rdw rats than in normal rats (P < 0.001), and greatly increased after thyroxine replacement therapy (P < 0.001 
Introduction
The rdw rat, a new hereditary dwarf animal, was discovered by Koto et ah (1988) (Koto et ah, 1988; Umezu et ah, 1991 Umezu et ah, , 1993 Umezu et ah, , 1995 Umezu et ah, , 1996 . The rdw rat is useful in endocrinological research as an animal model of human pituitary dwarfism (Koto et ah, 1988) and may be an ideal model for studying the role of the thyroid in reproduction in hypothyroid animals, including humans (Cooke and Arambepola, 1997) . Fertility in adult male rdw rats was partly restored by thyroxine therapy (Umezu et ah, 1997) . Few adult female rdw rats produced offspring when given thyroxine therapy for 1 month, and in those that did, litter sizes were small, nursing capacity was poor, and most of the pups died in the first few days after delivery. In immature female rdw rats, no induction of ovulation was achieved with standard gonadotrophin treatment procedures (Jiang et ah, 1996a) .
Hypothyroidism results in impaired fertility in many animals (Werner, 1969) , and subclinical hypothyroidism often causes infertility in humans (Mochizuki, 1977; Louvet et ah, 1979; Bohnet et ah, 1981; Maruo et ah, 1992) . These reproductive abnormalities can be improved by thyroid hormone therapy. Hagino (1971) reported that in thyroidectomized rats, ovulation was erratic, occurred in a small percentage of animals and a small number of ova were produced. These animals showed normal ovulation after lthyroxine administration. In women, successful clinical use of thyroid hormone in the induction of ovulation in patients with subclinical hypothyroxinaemia implied that concomitant Clomiphene treatment with thyroid hormone replacement therapy is of great value for ovulation induction in patients with subclinical hypothyroxinaemia (Maruo et ah, 1992) .
The aim of the present study was to induce superovulation in immature rdw rats and to produce rdw rats by in vitro fertilization, in vitro culture and embryo transfer. 
Collection ofcumulus-oocyte complexes and in vitro fertilization
Animals treated with thyroxine and PMSG were killed by cervical dislocation 13-14 h after hCG injection (Toyoda and Chang, 1974) . Oviducts were isolated, placed on a piece of sterilized filter paper to remove the liquid and blood on the surface, and placed in the dishes containing the diluted sperm suspension. The cumulus-oocyte complexes in the oviducts were carefully released into the sperm suspension. The dishes were kept in a C02 incubator for 10 h.
Examination offertilization
Methods for examining penetration and polyspermy were as described by Toyoda and Chang (1974) and Miyoshi et ah (1995b, 1997 
Embryo transfer
The procedures for inducing pseudopregnancy and transfer were as described by Toyoda and Chang (1974) , with the exception that two-cell embryos were transferred to day 1 (day of ovulation) rather than day 2 pseudopregnant recipients. Briefly, 4-to 5-month-old rats (Maruo et ah, 1987; Maruo, 1988; Mochizuki and Maruo, 1988) . In rats, prepubertal hypothyroidism induced by 6-propil-2-thiouracil from birth to day 40 post partum interfered with differentiation of granulosa cells and resulted in a greater number of secondary follicles, fewer antral follicles, smaller non-atretic antral follicles, and more atretic follicles in the ovaries at day 40 compared with untreated rats (Dijkstra et ah, 1996) . In addition, the number of ovulations decreased, since hypothyroidism reduced the number of follicles that were able to ovulate (Mattheij et ah, 1995 Opavsky, 1988) . In the present study, fewer eggs were produced in PMSG-primed normal Wistar-Imamichi rats, indicating that these animals were less sensitive to PMSG than those used in the previous studies. The protocol that combines 10 iu hCG and 10 iu PMSG is widely used to obtain eggs for in vitro fertilization (Miyamoto and Chang, 1973; Toyoda and Chang, 1974; Miyamoto and Ishibashi, 1975; Niwa and Chang, 1975; Vanderhyden and Armstrong, 1989 (Nuti et ah, 1975) . In the present study, the eggs derived from PMSG-primed rdw rats had a high in vitro fertilization rate (97.8%). After fertilization, 47% of one-cell embryos developed to blastocysts, which was low compared with naturally ovulated eggs fertilized in vivo or in vitro and cultured in vitro (Miyoshi et ah, 1994 (Miyoshi et ah, ,1995a (Miyoshi et ah, ,b, 1997 Oh et ah, 1997) , indicating that eggs derived from immature rdw rats have reduced developmental ability.
Miyoshi et ah (1997) reported that 25% of late fetuses or pups were produced after transfer of morulae or blastocysts to recipients. The reason why no pups were derived from morulae or blastocysts in the present study is unclear. However, 21 and 22% of one-and two-cell embryos, respectively, developed to term after transfer. This supports the findings of Toyoda and Chang (1974) that in immature rats, 21% of two-cell embryos derived from embryos fertilized in vitro developed to fetuses and newborn young. The fact that some of the offspring derived from one-cell embryos in the current study were rdw rats shows that this procedure can be used to produce rdw pups from infertile immature rdw rats for research purposes.
In conclusion, in infertile immature rdw rats, superovulation was induced by gonadotrophins with thyroxine replacement therapy. The superovulated eggs developed to blastocysts in vitro and to term after in vitro fertilization with spermatozoa from Fj males and transfer of early stage embryos. About 50% of the offspring produced in this system were rdw, thus the method could be useful in endocrinological research as well as for the production of rdw rats.
